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Abstract 


Major  food  items  of  carnivores  on  the  Beaver  Creek  Watershed 
(with  percentage  of  scats  in  which  each  was  found)  were  mammals 
50%,  birds  6%,  reptiles  3%,  arthropods  37%,  and  plants  60%. 
Although  habitat  manipulation  influenced  carnivore  use  of  the 
treated  watersheds,  the  modifications  were  not  harmful  to  most 
carnivore  species. 
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Carnivora  Food  Habits  and  Habitat  Use 
in  Ponderosa  Pine  Forests 


Frank  J.  Turkowski 


Management  Implications 


Habitat  manipulations  alter  the  food  supply  of  carni- 
vores and  thereby  influence  their  populations.  Earlier 
studies  have  documented  that  carnivores  can  be  in- 
fluenced by  habitat  conditions  and  prey  abundance 
(Lauckhart  1956,  McCord  1974,  Rollings  1945,  Wood 
1952,  Wood  et  al.  1958).  Actions  that  increase  grasses 
and  forbs  are  beneficial  to  most  prey  populations, 
especially  if  downed  trees  and  slash  are  left  for  cover 
(Chew  et  al.  1959;  Cook  1959;  Lawrence  1966;  LoBue 
and  Darnell  1959;  McCulloch  1962,  1963,  1965,  1966; 
Reynolds  1964;  Turkowski  and  Reynolds  1970;  Turkow- 
ski and  Watkins  1976).  In  such  instances,  predators 


would  ultimately  benefit,  because  their  food  sources 
are  increased. 

Altered  habitat  conditions  also  could  directly  benefit 
predators  by  providing  more  denning  sites  and  cover 
for  stalking  prey,  and  by  otherwise  improving  habitat 
conditions. 

Generally,  it  appears  that  although  habitat  manipu- 
lations in  ponderosa  pine  habitat  influenced  predator 
food  habits  and  behavior  on  the  Beaver  Creek  area, 
the  changes  are  not  harmful  to  most  carnivore  species, 
as  seen  by  their  use  of  the  treated  watersheds  as  much 
as  the  untreated  stands  of  ponderosa  pine. 


Introduction 

At  least  12  species  of  Carnivora  including  coyotes, 
gray  foxes,  bobcats,  skunks,  raccoons,  weasels,  and 
badgers  inhabit  most  ponderosa  pine  forest  areas  in 
the  southwestern  United  States  (Hall  and  Kelson  1959), 
yet  little  is  known  about  the  role  of  these  predators  in 
this  ecosystem.  (Scientific  names  of  flora  and  fauna 
referred  to  in  this  paper  are  listed  in  the  appendix.) 
Much  of  this  habitat  is  being  modified  by  watershed- 
management  techniques;  and,  though  primary  con- 
sumers are  known  to  be  influenced  by  vegetation 
manipulation,  there  is  limited  knowledge  of  how  these 
effects  are  manifested  through  food  chains  or  food 
webs  to  the  predators,  especially  in  forest  habitats. 

Study  Area 

The  Beaver  Creek  experimental  watersheds  are  on 
the  Coconino  National  Forest  near  Happy  Jack,  Ariz, 
(fig.  1).  Elevations  vary  from  6,800  to  8,000  feet.  Slopes 
are  moderately  steep  and  well  drained.  Soils  are  mostly 
silty  clays  and  silty  clay  loams.  January  is  the  coldest 
month.  The  average  temperature  is  45°  F.  The  average 
annual  precipitation  is  25  inches.  Summer  moisture 
averages  5  inches,  mostly  during  July  and  August. 
Winter  moisture  is  from  snow. 

Ponderosa  pine  is  the  dominant  tree.  Gambel  oak, 
junipers,  New  Mexican  locust,  and  aspen  are  also 
found  in  some  areas. 

Understory  plants  include  Arizona  fescue,  blue 
grama,  mountain  muhly,  Junegrass,  geranium,  peavine, 
and  clover. 


The  Beaver  Creek  Project  was  established  during  the 
late  1950's  to  evaluate  watershed  treatments.  The 
influences  are  evaluated  by  their  effects  upon  water 
yield,  sedimentation,  flood  control,  timber  production, 
forage,  wildlife,  and  esthetics.  Pilot  treatments  in  pon- 
derosa pine  forests  are  being  tested  on  watersheds  of 
up  to  2,036  acres.  There  is  permanent  water  on  most  of 
the  watersheds. 


Figure  1.— The  Beaver  Creek  experimental  watersheds.  Individ- 
ual watersheds  are  outlined  and  numbered. 
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Specific  land-management  systems  investigated  in 
this  study  were  overstory  clearcut  and  slash  wind- 
rowed  (watershed  (WS)  12);  one-third  overstory  clear- 
cut  with  remainder  thinned  to  80  square  feet  of  basal 
area  per  acre  (WS  14);  overstory  thinned  to  30  square 
feet  of  basal  area  per  acre  (WS  17);  and  overstory 
selectively  cut  to  a  silvicultural  standard  (WS  8).  Addi- 
tional activities  were  assessed  on  an  area  with  over- 
story representing  natural  conditions  (WS  13),  and  on 
an  area  with  overstory  to  be  cut  for  wildlife  habitat 
improvement  (WS  10)  (fig.  1).  Check  areas  adjacent  to 
all  of  the  above  plots  were  also  assessed. 

Carnivores  known  to  inhabit  the  study  area  were 
coyotes,  gray  foxes,  bobcats,  mountain  lions,  black 
bears,  striped  skunks,  badgers,  long-tailed  weasels, 
and  raccoons. 


Methods 

To  obtain  information  on  food  habits  and  species 
composition,  carnivore  droppings  were  collected  each 
month  by  driving  or  walking  over  a  prescribed  route  of 
21  miles  of  unpaved  roads.  Each  month  from  March 
1972  to  June  1974  was  represented  at  least  once  by 
fecal  samples.  The  route  included  12.5  miles  in  the  five 
treated  watersheds  and  one  control  watershed,  and  8.5 
miles  in  untreated  areas  adjacent  to  the  watersheds.  A 
total  of  200  miles  was  driven  over  study  areas  during 
months  without  snow,  and  30  miles  were  driven  during 
months  with  snowfall.  Scats  were  placed  in  small 
plastic  bags  and  labeled  according  to  date,  location, 
and  species.  Identification  of  most  scats  was  made  by 
odor,  size,  and  shape  (Murie  1954)  and  by  associated 
tracks  and  other  markings. 

Coyotes,  gray  foxes,  and  bobcats  contributed  over 
60%  of  the  total  number  of  analyzed  scats.  Track 
counts  also  indicated  that  these  species  were  the  most 
abundant  carnivores.  Scats  of  coyotes,  gray  foxes, 
bobcats,  and  mountain  lions  were  easy  to  distinguish  if 
the  scats  kept  their  original  shape.  Many  droppings  of 
the  other  predators,  especially  scats  containing  large 
percentages  of  juniper  berries  or  insect  remains,  were 
amorphous  and  often  indistinguishable.  Additional 
identified  scats  or  stomachs  were  taken  from  live- 
trapped  or  road-killed  small  carnivores.  This  technique 
supplied  most  of  the  striped  skunk  and  raccoon 
samples.  Scats  included  in  the  food  habit  analysis  of  all 
carnivores  were  also  obtained  from  near  water  tanks 
and  coincidental  to  work  off  the  roads. 

Fecal  samples  were  stored  and  analyzed  by  the 
methods  used  by  Gier  (1957),  Scott  (1941,  1943),  Wood 
(1954),  Murie  (1946),  and  others  for  carnivore  scat  and 
alimentary  tract  analysis.  Scats  were  washed,  then 
placed  in  a  large  petri  dish  of  water  and  floated  apart. 
Food  items  were  separated  into  groups  of  bones,  teeth, 
scales,  feathers,  hair,  and  invertebrate  remains. 
Feathers,  bones,  and  hair  were  dried  to  bring  out  col- 
ors and  facilitate  comparisons  with  study  skins  and 
reference  skeletons.  Data  from  each  dropping  were 
entered  on  forms,  then  sorted  for  various  analyses. 


Fecal  analysis  has  been  determined  to  be  a  reliable 
method  of  determining  carnivore  food  habits.  For  ex- 
ample, Wood  (1954)  reported  that  stomachs,  intestines, 
and  scats  were  similar  in  frequencies  of  food  for 
several  fur-bearers  in  Texas.  Similar  agreement  was 
evident  in  gray  fox  habits  as  reported  by  Turkowski 
(1969). 

Scat  analyses  provided  general  information  on  food 
habits  of  coyotes,  bobcats,  and  smaller  predators  and 
allowed  for  comparisons  of  food  between  treated  and 
nontreated  areas  by  the  frequency  of  occurrence  of  the 
prey  species.  Presence  of  the  various  food  items  was 
expressed  in  percentages  of  the  total  number  of  times 
each  occurred  in  all  the  scats.  Many  foods  were  only 
identified  into  general  categories.  However,  no  item 
could  have  greater  potential  for  scoring  occurrences 
than  another  item  with  which  it  was  contrasted  in  the 
same  scat.  This  treatment  included  the  undetermined 
items  where  foods  could  not  be  identified  beyond  a 
general  grouping. 


Results 
General  Diet  of  Carnivores 

A  total  of  367  carnivore  droppings  were  analyzed. 
The  percent  of  scats  containing  food  items  in  each  of 
the  major  taxonomic  categories  is  listed  seasonally  by 
species  in  table  1.  Also  presented  is  a  summary  of  all 
the  items  within  the  major  categories  that  were  con- 
sumed by  all  the  predators  combined.  An  examination 
of  this  combined  diet  provides  some  knowledge  of 
energy  flow  in  ponderosa  pine  forests.  Frequency  of 
occurrence  of  major  groups  in  the  combined  carnivore 
diet  was:  mammals  49.9,  birds  6.3,  reptiles  3.0,  arthro- 
pods 37.3,  and  plants  60.5.  In  this  total  diet,  arthropods 
were  an  important  contribution,  and  many  scats  con- 
tained the  remains  of  these  invertebrates  exclusively. 
Juniper  berries  were  also  consumed  frequently  and 
were  found  in  48.8%  of  all  the  scats,  though  some 
carnivore  species  relied  on  them  more  than  this  com- 
bined figure  suggests. 

Among  the  mammals  used  as  foods,  ungulates  were 
frequent  items  for  the  study  period.  Deer  were  in 
11.3%  of  the  scats  and  elk  were  in  6.2%.  Some  of 
the  deer  and  antelope,  especially  those  eaten  during 
the  winter,  were  probably  taken  as  carrion  since 
some  wounded  animals  were  no  doubt  present  after  the 
hunting  seasons.  Cattle  also  contributed  to  the  ungu- 
late food  category.  The  rodents  most  frequently  in  the 
carnivore  diet  were  meadow  mice  and  white-footed 
mice.  Abert  squirrels  were  found  in  4.9%  of  the  scats 
and  rock  squirrels  were  in  3.2%  of  the  droppings. 
Reptiles  were  a  minor  percentage  of  the  overall  diet. 
The  birds  most  frequently  found  were  small  perching 
species  and  the  remains  of  a  few  turkeys.  The  reptiles 
found  were  lizards  and  snakes.  Frog  bones  were 
detected  in  two  scats,  and  fish  scales  were  found  in 
three  droppings. 
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Seasonal  Diet  of  Carnivores 

Examination  of  the  food  items  consumed  by  all 
predators  by  seasons  indicated  how  changing  habitat 
conditions  related  to  use  of  prey  animal  and  plant 
energy  sources.  The  percentage  of  mammals  in  the 
total  predator  diet  was  greatest  from  June  to  August 
and  least  from  December  to  May.  This  correlated  with 
prey  availability  as  evidenced  by  the  trapping  success 
for  small  mammals  during  these  periods  (Goodwin 
1975).  Also,  many  small  rodents  hibernated  or  were 
inactive  from  October  through  March,  which  partly 
accounts  for  their  absence  in  the  diet  at  this  time. 

Plants,  mostly  juniper  berries,  were  found  in 
scats  from  all  seasons.  These  berries  were  abundant 
on  most  watersheds  during  fall,  winter,  and  spring, 
and  their  availability  was  reflected  in  the  diet  from 
September  through  May.  Birds  were  most  prevalent  in 
the  diet  in  summer  and  fall.  Reptiles  were  least  abun- 
dant in  scats  during  winter,  when  reptiles  were  hiber- 
nating, and  were  found  most  frequently  during  spring 
and  summer.  Arthropods  were  consumed  most  often 
throughout  spring  and  summer  and  were  found  in 
49.5%  of  both  the  spring  and  summer  scats.  An  in- 
crease in  the  variety  of  food  categories  used  within  all 
the  major  groups  in  the  early  fall  is  probably  due  to 
increased  energy  requirements  as  young  predators  are 
attaining  adult  size,  as  well  as  to  the  availability  of  the 
foods. 

Among  mammalian  foods,  rodents  were  the  most  fre- 
quent in  Beaver  Creek  carnivore  scats.  The  Abert 
squirrel  was  the  most  frequent  sciurid.  Rock  squirrels 
were  consumed  in  large  numbers.  Golden-mantled 
ground  squirrels  were  also  important  foods  when  not  in 
hibernation.  The  presence  of  this  ground  squirrel  and  a 
chipmunk  in  the  winter  diet  suggests  that  these  rodents 
may  sometimes  be  taken  when  hibernating. 

Meadow  mice  and  white-footed  mice  were  the  main 
mammalian  foods  of  forest  carnivores.  They  were  fre- 
quent in  the  diet  throughout  the  spring,  summer,  and 
fall.  Woodrats  were  in  4.0%  of  the  droppings 
throughout  warmer  months,  but  none  were  found  in 
winter  scats.  There  were  fewer  rabbits  and  hares  in 
the  diet  than  expected  (5.4%).  There  were  also  fewer 
rabbits  and  hares  in  carnivore  diets  on  the  study  area 
than  in  most  locations.  The  increased  incidence  of  mule 
deer  in  Beaver  Creek  carnivore  diets  in  summer 
months  was  apparently  due  to  increased  fawn  con- 
sumption, as  evidenced  by  the  many  hoofs  contained  in 
the  scats. 

Reptiles  apparently  were  not  taken  in  relation  to 
their  availability.  Fence  lizards  were  the  most  frequent 
reptile  in  the  diet  and  were  found  mostly  in  the  spring 
and  fall.  Lizards  were  found  three  times  as  often  as 
snakes  were.  Another  prey  source  which  apparently 
was  not  used  to  its  fullest  was  the  leopard  frog,  which 
was  abundant  in  many  of  the  stock-watering  tanks  on 
the  Beaver  Creek  area.  Fish  remains  were  found  in 
three  spring  scats. 

Arthropods  were  found  in  the  diet  during  11  months 
but  were  taken  most  frequently  in  the  spring  and  the 


summer.  That  there  were  arthropods  in  10.6%  of  the 
winter  scats  again  indicates  some  carnivores  ap- 
parently dig  beneath  the  snow  to  obtain  food. 

Grasshoppers  and  crickets  were  frequent  food  items. 
Many  scats  contained  the  remains  of  at  least  ten  grass- 
hoppers. Beetles  were  also  frequent.  Many  beetles, 
such  as  darkling  beetles,  are  large;  and,  since  they 
were  taken  frequently,  they  were  probably  an  impor- 
tant source  of  energy.  Grasses  were  eaten  throughout 
the  year.  Their  consumption  may  function  in  scouring 
parasites  from  the  alimentary  tracts  of  predators. 

As  indicated  by  the  average  number  of  food  types 
per  scat  for  each  season,  dietary  variability  reflected 
the  abundance  of  the  kinds  of  foods  available  in  the 
habitat.  Beaver  Creek  carnivores  ate  the  fewest  kinds 
of  items  during  winter  months.  For  the  canines  (coyotes 
and  gray  foxes),  dietary  variability  was  lowest  in 
winter,  increased  progressively  through  spring,  and 
then  was  greatest  during  the  June-August  period. 
September-November  scats  indicated  a  decrease  in  the 
number  of  taxa  taken  by  these  canines.  Coyote 
variability  ranged  from  an  average  of  1.7  to  2.7  food 
types  per  scat.  The  number  of  gray  fox  food  types 
varied  from  1.3  per  scat  during  winter  to  3.5  during  the 
summer  months.  The  greatest  number  of  food  types  per 
coyote  scat  was  five  from  a  summer  sample,  as  it  was 
for  gray  foxes.  The  number  of  taxa  consumed  by  bob- 
cats was  similar  during  the  spring,  summer,  and  fall 
seasons,  averaging  from  2.1  to  2.3  per  scat  with  a 
summer  dropping  and  a  fall  sample  each  containing 
representatives  of  six  taxa. 

Coyote  Food  Habits 

A  total  of  55  coyote  scats  were  analyzed.  Con- 
sidering major  food  categories  for  the  entire  study 
period,  there  were  mammals  in  67.3%  of  the  drop- 
pings. Meadow  mice  were  the  most  frequent  rodents, 
though  squirrels  were  also  important.  Deer  and  elk 
also  were  frequent  in  the  diet,  being  found  in  16.4% 
and  9.1%  of  the  scats,  respectively.  Birds,  mostly 
Passeriformes,  were  in  1.8%  of  the  scats.  Plants  and 
arthropods  were  in  74.5%  and  36.4%  of  the  scats, 
respectively.  Plants  were  mostly  juniper  berries  and 
grasses.  Lizards  were  the  only  reptiles  in  the  diet,  and 
were  in  5.5%  of  the  droppings. 

Analyses  of  seasonal  food  item  frequencies  (3-month 
periods)  indicated  that  during  the  winter  coyote  diets 
consisted  mainly  of  juniper  berries  and  mammals, 
mostly  deer  and  elk.  Deer  were  present  in  27.2%  of  the 
winter  scats,  elk  in  18.1%.  Meadow  mice  and  white- 
footed  mice  were  the  only  rodents  found  during  the 
December-February  period.  The  presence  of  a  lizard  in 
one  winter  sample,  and  of  arthropod  remains  in  9.0% 
of  the  winter  scats,  indicates  that  coyotes  may  dig 
beneath  and  snow  and  into  the  ground  (or  perhaps  in 
rotting  logs)  to  obtain  foods.  The  December-February 
period  had  the  least  variation  in  kinds  of  food 
categories  consumed  by  coyotes. 

March-May  diets  were  generally  similar  to  those  of 
winter  months,  but  warmer  weather  apparently  in- 
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creased  the  availability  of  some  foods.  Insect  consump- 
tion increased  during  this  season  as  did  the  frequency 
of  reptile  foods.  Arthropods  were  in  66.7%  of  the 
coyote  scats.  Juniper  berries  were  found  in  75.0%  of 
the  droppings.  Other  items  found  equally  in  spring 
coyote  scats  were  cottontails,  squirrels,  white-footed 
mice,  antelope,  and  birds  (8.3%).  There  were 
decreases  in  frequency  of  deer  and  elk.  A  scarcity  of 
rodents  was  also  evident  in  coyote  diets  at  this  time. 

Coyote  food  habits  were  the  most  varied  in  the 
summer,  including  17  taxonomic  categories.  Again,  ar- 
thropods were  an  important  item,  being  found  in  60.0% 
of  the  scats.  The  summer  reproductive  seasons  of  small 
mammalian  species  increased  their  availability  as  prey 
items;  white-footed  mice,  meadow  mice,  and  woodrats 
made  up  a  large  portion  of  the  summer  diet.  Rabbits, 
ground  squirrels,  and  tree  squirrels  in  the  diet  also 
increased  over  the  previous  season.  Juniper  berries 
continued  to  be  available,  but  consumption  declined 
and  these  were  represented  in  53.3%  of  the  summer 
scats. 

September-November  scat  contents  were  less 
varied.  Field  observations  indicated  that  juniper  ber- 
ries were  at  their  peak  availability  at  this  time.  They 
were  represented  in  76.5%  of  coyote  fall  scats.  Col- 
lectively, mammals  were  a  large  portion  of  the  diet 
during  this  period.  Deer  fawns  were  still  available  and 
contributed  to  23.5%  of  the  fall  scats.  Lowering 
temperatures  during  this  season  probably  caused  the 
reduction  in  the  number  of  arthropods  consumed  by 
coyotes. 


Gray  Fox  Food  Habits 

One  hundred  gray  fox  scats  were  analyzed.  Plants 
were  found  in  67.0%  of  the  scats,  mammals  in  38.0%, 
bird  remains  in  9.0%,  reptiles  in  2.0%,  and  arthropods 
52.0%.  Juniper  berries  were  important  to  the  overall 
diet,  with  55.0%  of  the  fox  scats  for  the  entire  study 
period  containing  these  fruits.  Rodents  were  an  impor- 
tant mammal  contribution  to  fox  diets,  with  squirrels 
and  deer  mice  the  most  significantly  abundant  species 
within  this  group. 

Seasonal  analyses  indicated  juniper  berries  in 
89.5%  of  the  December-February  fox  scats.  Deer  and 
antelope  were  each  contained  in  10.5%  of  the  winter 
scats.  Presumably  most  of  these  were  carrion.  Since 
most  fawns  are  well  grown  by  winter,  it  is  unlikely  a 
fox  weighing  12  pounds  or  less  could  successfully  prey 
upon  a  juvenile  or  adult  animal.  A  few  ground  squirrels 
were  taken  during  the  winter  months.  Apparently 
many  of  these  prey  animals  were  in  hibernation. 
Meadow  mice  were  the  only  other  rodents  in  gray  fox 
diets  during  the  winter. 

March-May  gray  fox  scats  had  a  juniper  berry  fre- 
quency of  73.5%.  Arthropods  were  in  47.1%  of  the 
spring  scats.  Mammalian  foods  also  were  more  abun- 
dant than  in  the  previous  season;  20.5%  of  the  scats 
contained  remains  of  white-footed  mice.  Consumption 
of  cottontails  was  also  greater  during  this  season  than 


in  winter.  Woodrats  were  in  a  few  of  the  summer  scats 
also. 

Gray  fox  diets  continued  to  increase  in  variability 
during  summer  months.  Insect  consumption  increased 
to  an  87.5%  frequency,  while  juniper  berry  frequency 
decreased  to  less  than  13%.  Rabbits  were  an  impor- 
tant food.  The  summer  diet  contained  a  variety  of 
rodents,  including  golden-mantled  ground  squirrels, 
chipmunks,  white-footed  mice,  woodrats,  and  meadow 
mice.  Birds  also  contributed  to  the  diet;  20.8%  of  the 
summer  scats  contained  feathers.  The  tree  climbing 
abilities  of  gray  foxes  probably  alowed  them  to  take 
young  birds  from  the  nest,  as  evidenced  by  the  pin 
feathers  detected  in  some  scats. 

Fall  gray  fox  diets  were  similar  to  summer  diets  in 
the  number  of  taxa  represented.  Arthropods  decreased 
in  September-November  to  a  frequency  of  56.5.  Con- 
versely, juniper  berry  consumption  increased, 
reaching  a  frequency  of  43.5.  White-footed  mice  and 
meadow  mice  each  were  in  13%  of  the  fall  scats.  The 
use  of  these  rodents  by  foxes  was  probably  a  reflection 
of  their  increased  abundance  as  a  result  of  the  summer 
reproductive  season. 

Bobcat  Food  Habits 

A  total  of  67  bobcat  scats  were  examined  in  the 
study  period.  Mammals  were  found  in  88.1%  of  all 
these  scats,  birds  in  11.9%,  reptiles  in  6.0%,  ar- 
thropods in  25.4%,  and  plants  in  17.9%  of  the  samples. 
The  more  carnivorous  diet  characteristic  of  most 
felines  was  reflected  in  the  foods  of  Beaver  Creek  bob- 
cats. Rodents  as  a  group  probably  were  the  major  part 
of  the  bobcat  diet;  rodent  species  were  represented  in 
scats  throughout  the  study  period.  Deer,  insects, 
meadow  mice,  and  cottontails  were  important  foods. 
Unlike  the  canines,  bobcats  consumed  few  juniper 
berries. 

Apparently  few  bobcats  use  the  Beaver  Creek 
ponderosa  pine  habitats  during  winter,  as  evidenced 
by  low  track  counts  in  the  snow  and  by  the  absence  of 
winter  bobcat  scats.  Spring  food  habits  of  bobcats 
reflected  the  return  of  deer  to  ponderosa  habitats  from 
lower  elevations.  Meadow  mouse  remains  were  found 
in  30.0%  of  the  droppings  during  this  period.  Tree 
squirrels  and  ground  squirrels  were  taken,  and  arthro- 
pods contributed  to  40.0%  of  the  March-May  scats. 
Rabbits  and  woodrats  were  also  important  foods.  Thir- 
teen taxonomic  categories  were  represented  in  bobcat 
spring  diets. 

Twenty  categories  were  represented  in  bobcat  diets 
during  the  summer.  Arthropods  were  in  25.7%  of  the 
scats,  deer  remains  in  31.4%,  and  elk  in  5.7%.  Rabbits 
were  also  an  important  item,  with  jackrabbits  and  cot- 
tontails combined  being  found  in  over  one-fifth  of  the 
scats.  Rock  squirrels  were  in  14.2%  of  the  droppings. 
Over  11%  of  the  samples  contained  Abert  squirrels. 
Similar  frequencies  of  birds  were  evident. 

Bobcat  fall  diets  were  similar  to  those  of  summer. 
Deer  at  a  45.5%  frequency  continued  to  be  an  impor- 
tant food.  Cottontails,  birds,  and  arthropods  were  all 
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18.2%.  Declines  in  woodrat  and  meadow  mouse  popu- 
lations were  reflected  in  fall  bobcat  diets  when  com- 
pared to  the  items  consumed  in  summer. 

Diets  of  Other  Carnivores 

The  small  sample  and  uneven  seasonal  distribution 
of  black  bear,  mountain  lion,  striped  skunk,  and 
raccoon  scats  placed  limitations  on  interpretations  of 
the  food  habits  of  these  species. 

Only  two  scats  from  black  bears  were  found  in 
ponderosa  habitat;  one  contained  juniper  berries,  the 
other  unidentified  small  fruits.  Scats  of  small  carnivore 
species  were  obtained  mostly  from  live-trapped 
animals.  Ten  raccoon  scats  from  the  Beaver  Creek 
area  indicated  an  80%  frequency  of  juniper  berries, 
10%  of  grasses.  Arthropods  were  evident  in  30%  of  the 
scats.  Lizard  remains  were  in  one  raccoon  dropping, 
and  fish  scales  occurred  in  two  scats. 

A  single  mountain  lion  dropping  contained  mule 
deer,  Abert  and  red  squirrel  remains,  and  a  few 
juniper  berries.  Striped  skunks  contributed  six  scats, 
each  of  them  containing  insects.  A  white-footed  mouse 
and  juniper  berries  each  were  in  one  of  these  skunk 
scats. 

Use  of  Beaver  Creek  Areas  by  Carnivores 

Use  of  the  ponderosa  pine  watershed  areas  by  carni- 
vore species  was  estimated  by  application  of  several 
methods:  for  spring,  summer,  and  fall  seasons,  the 
number  of  scats  that  accumulated  per  mile  of  road  in 
each  area  was  determined  (scats  per  mile);  during 
winter,  the  number  of  identified  sets  of  tracks  in  snow 
was  counted  to  give  tracks  per  mile  detected  by  the 
observer;  the  diets  of  carnivore  species  were  examined 
for  each  area,  and  the  number  of  food  items  consumed 
was  compared  to  the  general  availability  of  the  food 
items  on  each  area. 

Scat  collections  on  watershed  roads  during  each 
month  from  May  through  October  resulted  from  about 
61.5  miles  driven  on  the  treated  watersheds  and  over 
39.5  miles  driven  on  adjacent  untreated  areas.  There 
was  an  average  of  9.1  carnivore  scats  per  mile  on  the 
treated  watersheds  and  8.7  scats  per  mile  on  the  un- 
treated check  areas.  Comparison  of  overall  predator 
use  with  prey  availability  indicated  that  WS  10  and  the 
control  watershed  had  the  greatest  overall  predator 
use.  Squirrels,  cottontails,  and  turkeys  were  important 
carnivore  foods  during  winter  months,  as  were  juniper 
berries. 

The  preference  for  watershed  areas  shown  by  large 
carnivores  during  warmer  months  was  also  examined 
by  obtaining  selection  indices.  These  were  determined 
by  dividing  the  average  percent  of  tracks  encountered 
per  mile  traveled  by  the  number  of  watershed  miles 
traveled.  Use  of  the  areas  by  coyotes  was  related  to 
food  base  abundance,  which  was  estimated  by  trap- 
ping and  field  observations.  They  used  the  untreated 
area  adjacent  to  WS  10  most  often  during  the  warmer 
months,  as  indicated  by  the  number  of  scats  per  mile  of 


road.  This  watershed  and  the  surrounding  area  had 
the  greatest  number  of  juniper  trees  and  also  rated 
highest  in  cottontail  abundance.  WS  12  and  adjacent 
areas  also  rated  high  in  coyote  preference  as  well  as  in 
arthropod,  cottontail,  and  deer  abundance  during  the 
summer. 

Gray  foxes  preferred  WS  10  and  the  surrounding 
area  during  early  summer,  perhaps  because  juniper 
berries  were  abundant  there  at  this  time.  They  also 
preferred  WS  12  where  slash  was  windrowed.  This 
area  scored  high  in  rodent  numbers.  There  were  many 
white-footed  mice  in  the  early  summer  fox  diet. 
The  control  watershed  was  preferred  in  late  summer 
probably  because  of  the  abundance  of  rodents  and 
arthropods.  The  area  adjacent  to  WS  17  also  was  used 
frequently  by  gray  foxes.  Trees  on  this  watershed  were 
heavily  thinned  with  the  slash  piles  left.  The  area  had 
an  abundance  of  grasshoppers  and  high  populations  of 
rodents  in  late  summer. 

In  early  summer  bobcats  preferred  the  control 
watershed  (which  was  a  high  deer  and  elk  density 
watershed),  and  they  also  indicated  some  preference 
for  the  adjacent  WS  14.  During  late  summer,  WS  12 
was  most  important  to  bobcats. 

Winter  Use  of  Watersheds  by  Carnivora 

Predator  use  of  Beaver  Creek  ponderosa  pine 
habitats  and  the  availability  of  prey  were  determined 
by  walking  or  driving  transects  over  the  watershed 
areas  soon  after  snowfall  and  recording  the  numbers 
of  sets  of  tracks  observed  per  mile.  Track  counts  were 
made  during  December  and  January,  and  a  total  of  16.4 
linear  miles  was  traveled  on  the  study  areas. 

Prey  species  were  most  available  on  WS  10,  WS  12, 
and  WS  13  during  the  winter.  Most  of  the  tracks 
observed  in  snow  on  all  watersheds  were  small 
rodents,  turkeys,  and  squirrels.  Except  for  a  single  elk 
track  on  WS  12,  ungulate  tracks  were  not  observed  on 
any  watersheds  during  the  winter. 

The  abundance  of  tracks  on  each  watershed  indi- 
cated coyotes  and  gray  foxes  used  the  Beaver  Creek 
ponderosa  pine  habitats  more  than  most  carnivores 
during  the  winter.  The  control  watershed  had  the 
highest  coyote  use,  and  WS  10  and  WS  12  were  also  im- 
portant to  these  species.  Gray  foxes  preferred  WS  10 
and  WS  17.  The  greatest  abundance  of  small  rodents 
was  on  WS  17.  The  abundance  of  rodents  in  and  adja- 
cent to  slash  piles  on  these  areas  was  probably  a  factor 
in  attracting  these  predators.  The  abundance  of 
juniper  berries  on  WS  10  was  also  probably  an  impor- 
tant factor  in  influencing  gray  fox  and  coyote  use  of 
that  area.  The  greatest  density  of  carnivore  tracks  per 
mile  was  recorded  for  gray  foxes  on  WS  10.  Concentra- 
tions of  up  to  20  tracks  per  linear  mile  of  transect  were 
found  on  this  area.  Coyotes  were  second  in  the  total 
density  of  tracks  recorded  on  an  area  (10  per  mile) 
which  occurred  on  the  adjacent  area. 

The  only  bobcat  tracks  detected  on  winter  transects 
were  on  the  control  watershed.  This  activity,  recorded 
in  January,  appeared  to  be  the  tracks  of  a  single  bob- 
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cat.  Bobcat  tracks  (all  probably  from  one  animal)  were 
also  observed  on  WS  8  during  December.  Apparently 
bobcats  migrate  to  lower  elevations  during  winter 
months.  Lack  of  winter  bobcat  scats  detected  in 
ponderosa  pine  habitat  added  further  evidence  to  this 
supposition. 

Discussion 

Analyses  of  scats  from  ponderosa  pine  habitat 
indicated  the  general,  seasonal,  and  specific  feeding 
patterns  of  carnivores.  Predator  food  consumption  is 
the  result  of  interactions  between  many  complex 
environmental  conditions  and  is  not  always  easily  ex- 
plained. However,  it  appears  that  as  in  most  parts  of 
their  ranges,  carnivores  in  the  ponderosa  pine  type  are 
opportunistic  feeders,  using  foods  that  are  locally  or 
seasonally  available.  This  relationship  to  food 
availability  was  reflected  in  the  seasonal  changes  of 
the  use  of  each  major  food  group.  The  importance  of 
any  food  item  at  a  particular  time  is  probably  also 
affected  by  its  abundance  in  the  habitat  in  relation  to 
all  other  food  items.  Behavioral  changes  caused  by 
reproductive  seasons,  responses  to  climatic  conditions 
and  other  factors  determine  the  vulnerability  of  prey 
species.  Mammals  were  most  frequent  in  the  diet  from 
May  through  October,  when  their  activity  and 
reproduction  levels  were  high.  These  vertebrates  were 
consumed  less  from  December  through  March,  when 
their  numbers  and  activity  levels  were  reduced  or  the 
animals  were  in  hibernation. 

The  increased  consumption  of  deer  by  coyotes  and 
bobcats  during  the  fawning  season  in  July  may  be 
because  fawns  were  easily  attainable.  Concealment  is 
their  primary  defense  method  during  the  first  few 
weeks  after  birth.  When  fawns  were  larger  and  less 
susceptible  to  predation,  juniper  berries  were  ripe, 
and  most  predators  shifted  to  eating  them  and  the 
available  insects.  Cold  weather  in  mid-October 
eliminated  insects  as  a  major  energy  source  and  again 
probably  caused  increased  pressure  on  predators  to 
obtain  other  foods.  Even  with  deer,  rodent,  and  insect 
populations  declining  at  this  time,  the  canines  were 
apparently  able  to  adapt  and  use  juniper  berries  as  a 
"buffer  food"  until  more  easily  obtained  foods  were 
again  available. 

As  is  the  case  in  most  carnivores,  diets  were  most 
varied  when  energy  demands  increased  during  the 
denning  season  in  spring  and  early  summer.  Availabil- 
ity could  have  been  the  only  reason  birds  were  taken 
more  frequently  from  March  to  June,  but  they  did  not 
appear  as  important  when  the  carnivores  were  not 
rearing  young.  Other  foods  were  taken  in  higher  fre- 
quencies when  carnivores  were  raising  young  and 
were  otherwise  taken  in  lower  frequencies.  As  ex- 
pected, reptiles  and  arthropods  were  most  abundant 
in  the  summer  diet  and  were  rarely  taken  during  the 
colder  months  when  they  were  dormant. 

Studies  on  captive  animals  indicate  that  diets  of  the 
more  versatile  predators,  such  as  coyotes  and  gray 


foxes,  reflect  environmental  conditions  and  prey 
availability  more  than  food  preferences.  Gray  foxes 
apparently  were  highly  adaptable  to  winter  conditions 
in  the  ponderosa  pine  habitat  as  they  had  the  most 
varied  diet  among  the  Beaver  Creek  carnivores  during 
this  season.  This  probably  explains  why  they  were  ap- 
parently the  most  abundant  carnivore  in  the  ponderosa 
pine  habitats  in  winter.  Their  ability  to  subsist  on  a 
winter  diet  consisting  of  a  large  portion  of  juniper 
berries  is  apparently  a  key  to  this  adaptability.  Bobcats 
were  more  carnivorous  and  relied  mostly  on  mamma- 
lian foods  and  apparently  sought  to  avoid  unfavorable 
habitats  as  indicated  by  their  inactivity  in  ponderosa 
pine  habitats  during  winter. 

In  addition  to  reducing  prey  availability,  heavy 
snowfall  apparently  restricts  bobcat  movements.  The 
combined  results  of  heavy  snow  may  have  caused 
bobcats  to  retreat  from  higher  ponderosa  pine  areas. 
McCord  (1974)  concluded  that  deep  snow  restricted 
bobcat  movements.  He  noted  that  bobcats  walked  nor- 
mally in  snow  less  than  6  inches  deep;  but  when  they 
entered  a  drift  above  that  depth,  they  retreated  and 
circled  it  or  bounded  through  it.  Marston  (1942)  found 
that  movement  of  bobcats  was  restricted  in  snows 
above  about  7  inches  deep.  Nellis  and  Keith  (1968)  and 
Haglund  (1966)  also  suggested  that  snow  consistency 
was  an  important  factor  in  the  ability  of  bobcats  to 
capture  prey.  During  winter  most  Beaver  Creek 
predators  used  plowed  roads  for  travel  when  they 
were  available  but  would  occasionally  take  tangential 
courses  to  visit  brush  piles  or  small  tree  stands, 
apparently  to  investigate  them  for  the  presence  of 
prey.  Winter  use  of  roads  probably  conserves  energy 
by  reducing  the  effort  of  walking  in  deeper  snow.  Of 
course,  availability  of  food  was  probably  also  an  impor- 
tant factor  in  habitat  selection  during  winter.  Rac- 
coons and  badgers  were  relatively  inactive  during 
winter  months,  as  indicated  by  the  scarcity  of  their 
tracks  and  droppings.  A  single  set  of  fresh  tracks  of 
each  of  these  species  was  observed  in  snow  on  a  warm 
and  sunny  afternoon. 

In  addition  to  sharing  certain  qualities  such  as  op- 
portunism, Beaver  Creek  carnivores  also  showed 
features  which  were  characteristic  of  each  of  their 
species  throughout  their  ranges.  For  example,  some 
niche  specialization  was  evidenced  by  the  bobcats  on 
the  study  area.  The  bobcats  relied  heavily  on  white- 
footed  mice  and  meadow  mice  as  a  major  food  source, 
as  this  species  does  in  many  other  habitats.  In  addition 
to  food  habits,  behavioral  patterns  (indicated  by  track- 
ing Beaver  Creek  predators  in  snow)  were  also  species 
specific.  Methods  of  marking  scent  posts,  digging,  and 
other  behavioral  traits  followed  rigid  patterns 
characteristic  of  each  species. 

It  was  not  determined  how  many  deer  and  elk  taken 
by  Beaver  Creek  carnivores  were  carrion.  However,  in 
winter,  carrion  could  have  made  large  contributions  to 
the  fecal  samples  examined,  as  evidenced  by  an  elk 
calf  carcass  that  was  used  by  gray  foxes  for  several 
months  after  it  was  placed  in  a  dump  ground.  On  one 
portion  of  the  study  area,  WS  12,  deer  and  elk  made  up 
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a  large  portion  of  the  bobcat  diet.  McCord  (1974)  found 
that  the  high  frequency  of  deer  in  scat  samples  of 
Massachusetts  bobcats  was  the  result  of  predation  and 
not  scavenging  on  carcasses,  and  Marston  (1942)  also 
found  bobcats  killed  most  deer  they  consumed. 
However,  other  authors  reported  deer  eaten  by  bob- 
cats usually  were  carrion  (Hamilton  and  Hunter  1939, 
Rollings  1945,  Pollack,  1951,  Erickson  1955). 

If  it  were  determined  that  the  large  number  of  fawns 
eaten  by  bobcats  on  WS  12  were  taken  by  predation, 
it  appears  that  predator  control  could  be  effective 
in  this  watershed  for  increasing  deer  fawn  and  elk  calf 
survival.  The  deer  and  elk  probably  were  attracted  to 
the  cover,  and  perhaps  the  food  available  on  wind- 
rowed  slash  in  WS  12.  Thus,  in  an  area  known  to  be  a 
traditional  fawning  or  calving  ground,  a  selective  con- 
trol program  for  predators  would  probably  enhance 
survival  and  thus  increase  ungulate  populations  in  the 
surrounding  suitable  habitats. 
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Appendix 
Flora  List 


Arizona  fescue 

Blue  grama 

Clover 

Geranium 

Gambel  oak 

Junegrass 

Juniper 

New  Mexican  locust 
Mountain  muhly 
Peavine 
Ponderosa  pine 
Quaking  aspen 


Festuca  arizonica 
Bouteloua  gracilis 
Trifolium  spp. 
Geranium  spp. 
Quercus  gambelii 
Koeleria  cristata 
Juniperus  spp. 
Robinia  neomexicana 
MuhJenbergia  montana 
Lathyrus  spp. 
Pinus  ponderosa 
Popuius  tremuJoides 


Fauna  list 


Abert  squirrel 

Badger 

Beetles 

Black  bear 

Bobcat 

Chipmunk 

Coyote 

Cottontail  rabbit 

Crickets 

Elk 

Grasshoppers 
Golden-mantled 

ground  squirrel 
Gray  fox 
Jackrabbit 
Leopard  frog  * 
Long-tailed  weasel 
Mountain  lion 
Mule  deer 
Pronghorn  antelope 
Raccoon 
Rock  squirrel 
Red  squirrel 
Striped  skunk 
White-footed  mouse 
Wild  turkey 
Woodrat 


Sciurus  aberti 
Taxidea  taxus 
Coleoptera  spp. 
Ursus  americanus 
FeJis  rufus 
Eutamias  spp. 
Canis  latrans 
Sylvilagus  audubonii 
Gryllidae  spp. 
Cervus  elaphus 
Locustidae  spp. 

SpermophiJus  lateralis 
Urocyon  cinereoargenteus 
Lepus  cali/ornicus 
Rana  pipiens 
Mus tela  frenata 
Felis  concolor 
Odocoileus  hemionus 
Antilocapra  americana 
Procyon  lotor 
Spermophilus  variegatus 
Tamiasciurus  hudsonicus 
Mephitis  mephitis 
Peromyscus  leucopus 
Meleagris  gallopavo 
Neotoma  spp. 
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U.S.  Department  of  Agriculture 
Forest  Service 

Rocky  Mountain  Forest  and 
Range  Experiment  Station 


The  Rocky  Mountain  Station  is  one  of  eight 
regional  experiment  stations,  plus  the  Forest 
Products  Laboratory  and  the  Washington  Office 
Staff,  that  make  up  the  Forest  Service  research 
organization. 

RESEARCH  FOCUS 

Research  programs  at  the  Rocky  Mountain 
Station  are  coordinated  with  area  universities  and 
with  other  institutions.  Many  studies  are 
conducted  on  a  cooperative  basis  to  accelerate 
solutions  to  problems  involving  range,  water, 
wildlife  and  fish  habitat,  human  and  community 
development,  timber,  recreation,  protection,  and 
multiresource  evaluation. 

RESEARCH  LOCATIONS 

Research  Work  Units  of  the  Rocky  Mountain 
Station  are  operated  in  cooperation  with 
universities  in  the  following  cities: 

Albuquerque,  New  Mexico 
Bottineau,  North  Dakota 
Flagstaff,  Arizona 
Fort  Collins,  Colorado* 
Laramie,  Wyoming 
Lincoln,  Nebraska 
Lubbock,  Texas 
Rapid  City,  South  Dakota 
Tempe,  Arizona 


o 

^Station  Headquarters:  240  W.  Prospect  St.,  Fort  Collins,  CO  80526 
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